Abstract-Characteristics of 19-adrenoceptor in the tracheal smooth muscle of Suncus murinus (suncus) were studied in comparison with those of rats and guinea pigs. lsoproterenol induced concentration-dependent relaxation of suncus trachea. However, the maximal relaxation was very small, and about 1000 times higher concentration was necessary compared to the case of the guinea pig. The order of the sensitivity to isoproterenol and the maximal relaxation was guinea pig>>rat> suncus. Tracheae from younger suncus were more sensitive to isoproterenol, but the maximal relaxation was not significantly different from the results using adult animals. Forskolin, a direct activator of adenylate cyclase, relaxed tracheae to similar extents in the three species. Though the affinity of specific [3H]dihydro alprenolol binding was not significantly different, the maximal number of binding sites was in the order of rat>guinea pig>suncus.
Suncus murinus (suncus), which belongs to the family Soricidae of the order Insectivora, is regarded as the direct ancester of the Primate in the phylogenetical system (1) . Recent studies from our laboratory have shown that suncus is a unique and useful experimental animal model for research on various subjects such as nerve growth factor (2), stress (3) and emesis (4, 5) . Moreover, on the pharmacological properties of the cardio vascular systems, we also reported that the 9-adrenergic response in suncus ventricle was markedly smaller in comparison with that in the rat (6) . In order to further elucidate (9 adrenoceptor-mediated responses, we studied characteristics of 3-adrenoceptors in tracheal smooth muscle of the suncus in comparison with those of rats and guinea pigs.
Materials and Methods

Recording
of mechanical responses of isolated preparations: Male adult suncus (55 61 g) were sacrificed, and the trachea were quickly isolated. Then the tissue was placed in a dish filled with oxygenated (95% 02-5% C02) physiological salt solution of the fol lowing composition:
118.0 mM NaCl, 4.7 mM KCI, 1.8 mM CaCl2, 1.2 mM MgCl2, 1.2 mM NaH2PO4, 25.0 mM NaHCO3 and 11.1 mM glucose; the pH was 7.4. The trachea was trimmed of excess tissue and cut in a spiral fashion.
Because tracheal epithelium is known to affect the drug response (7), great care was taken not to damage the epithelial surface.
Each preparation was vertically mounted in a 5-ml organ bath containing physiological salt solution which was con tinuously oxygenated (95% 02-5% CO2) and " To whom reprint requests should he addressed .
maintained at 32'C. Isometric contraction was measured with a force displacement transduced (TB612T, Nihon Kohden) and recorded on ink-writing oscillographs (W1621 -G, Nihon Kohden). Experiments were started after the preparations were allowed to equilibrate for 1 hr under an initial tension of 5 mN. Contraction-response curves (CRCs) were obtained by cumulative addition of each agent. For each experiment, the CRC was analyzed, and the pD2 value was calculated according to our previous report (8) . In order to investigated the age dependency of the response to a-adrenergic agents, male neona tal (2-6 days: 3.7-6.8 g), infant (12-16 days: 13-22 g) and adult (4-6 months: 55-61 g) suncus were used. Male Wistar rats (220 360 g, age of 2-3 months) and male Hartley guinea pigs (350-360 g) were used to com pare their responses with those of the suncus.
Preparation of membrane fraction: The isolated whole tracheas were immediately placed in ice-cold sucorse buffer (0.25 M sucorse, 1 mM MgC12, 5 mM Tris, pH 7.4). Tracheal cartilages, connective tissue and adipose tissue were removed. Each prepara tion was roughly miced with scissors and homogenized with a Polytron homogenizer (Kinematica, setting 10 for 10X5 sec periods) in ten-fold wet weight volume of ice-cold sucrose buffer. The homogenate was first centrifuged at 3,000 X g for 15 min. Then the supernatant was further centrifuged at 100,000xg for 60 min. The final supernatant was discarded, and the remaining membrane pellet was resuspended in ice-cold 50 mM Tris hydrochloride buffer (pH 7.4). All the above procedures were done at 4°C. Protein concentration in the membrane fraction was determined by the method of Lowry et al. (9) . Both adult male (30-94 g) and female (18-60 g) suncus were used in the binding assay because only a limited number of animals were available. In preliminary experiments, the sex difference was not significant in the reactivity of suncus tracheal smooth muscle to the i9-adrenergic agent and other drugs used in this study.
Binding studies: The membrane fraction suspension (suncus, 0.2-0.345 mg protein/ ml; rat, 0.195-0.289 mg protein/ml, guinea pig, 0.209 mg protein/ml) was incubated with 
Results
Mechanical
responses: Acetylcholine, norepinephrine, methoxamine and histamine induced contractions of tracheal smooth muscles from all animals used in this study in a concentration-dependent manner (data not shown). Isoproterenol also caused concen tration -dependent relaxations of tracheal smooth muscles which had been maximally contracted with 3x10-4 M acetylcholine. However, there were remarkable species dif ferences both in sensitivities and in maximal responses of isoproterenol-induced relaxation (Fig. 1) . In this study the relaxant response was evaluated as a percent of the maximal relaxation caused by 3 X 10-4 M papaverine, a nonspecific smooth muscle relaxant. The pD2 values and the maximal responses of suncus, rat and guinea pig tracheae are sum All values are given as the mean±S.E.M., expressed as the percent of maximal papaverine-induced relaxation.
Asterisks indicate a significant difference between two groups by Duncan's multiple range test (*P<0.05, **P<0.01).
Number of preparations was 4.
marized in Table 1 . These data showed that the order of the sensitivity and the maximal relaxation to isoproterenol were guinea pig>>rat>suncus. Forskolin (3 x 10-4 M), a direct activator of adenylate cyclase, relaxed tracheae to the similar extent in the three species (Fig. 1) . The maximal relaxation of suncus, rat and guinea pig tracheae were 87.82±2.27%, 89.32± 3.21% and 100.00±0.00%, respectively.
The above results were obtained from young adult suncus. Because it is known that 8-adrenoceptor-mediated relaxation of trachea deteriorates with aging (10), we studied age-dependent changes in suncus. Acetylcholine-induced contractions and iso proterenol-induced relaxations were com pared in the tracheae of neonates (2-6 days), infants (12-16 days) and adults (4-6 months). There was no age-dependent dif ference in the sensitivity to acetylcholine (Fig.  2A) . The pD2 values for acetylcholine from neonates, infants and adults were 5.20±0.28, 5.29±0.17 and 4.95±0. 21, respectively. Iso proterenol relaxed suncus tracheae maximally contracted by 3x10-4 M acetylcholine in a concentration-dependent manner at all ages (Fig. 2B) . The pD2 value for isoproterenol in the trachea from the neonate (7.13±0.29, n= 4) was significantly greater than that from adult suncus. However, there was no signifi cant difference in the maximal relaxations between the three age groups. Forskolin relaxed tracheae to the similar extent in the three age groups, and the maximal relaxations were not statistically different.
Binding studies:
In the three species, specific [3H]dihydroalprenolol bindings to tracheal membranes were saturable (Fig. 3A) , and the Scatchard plots of the binding data were linear (Fig. 3B) Table 2 . The difference of the KD value, indicating the affinity of specific [3H]dihy droalprenolol binding, was not statistically significant partly because the preparation-to preparation variation was considerably greater in the suncus.
However, the Bmax value, indicating the maximal number of binding sites, was in the order of rat>guinea pig> suncus. The present data showed that the density of tracheal Q-adrenoceptors in the suncus are smaller than those in the other two species.
Discussion
It is well-known as physiological re sponses common to many mammals that stimulation of Q-adrenoceptors by catechol amine causes relaxations in tracheal smooth muscle. This Q-adrenergic effect is considered to be mediated by the adenylate cyclase activated increase in intracellular cyclic AMP (11) . In the present study, isoproterenol induced relaxations in the tracheae from suncus were much smaller than in those from guinea pigs and rats. The insufficiency of Q adrenoceptor-mediated relaxation in suncus tracheae was observed at all ages studied, indicating that the deficiency is inherent. These results indicate that there is a deficiency of 3-adrenoceptor-mediated relaxation in suncus tracheae. Forskolin, a direct activator of adenylate cyclase, relaxed tracheae to the similar extent in the three species, suggesting that cyclic AMP-dependent relaxation also exists in suncus tracheae and that the relax ation is induced normally once adenylate cyclase is activated. Therefore, the (9-adreno ceptor-adenylate cyclase system in suncus tracheae seems to be quantitatively different from that in the other two mammals in the Q adrenoceptor-adenyl ate cyclase activation system, which leads to the deficiency of KD: dissociation constant (nM). Bmax: maximum binding capacity (fmol/mg protein). Asterisks indicate significant difference between two groups by Duncan's multiple range test (**P<o.o1).
relaxation. One possible explanation for the deficiency is an insufficient number of sarcolemmal j9 adrenoceptors.
Therefore, we analyzed the characteristics of [3H]dihydroalprenolol bind ing to Q-adrenoceptors.
The KD value, in dicating the affinity of the specific binding sites, was not significantly different in the three species. However, the Bmax value, in dicating the density of the specific binding sites, in suncus tracheae was smaller than those in the other two species. These data from the binding study show that the quan titative difference between the pharmacolo gical response in suncus tracheae and those in the guinea pig and rat is partly attributable to differences in density of the specific bind ing sites. However, the differences of phar macological responses were much larger than those of Q-adrenoceptor binding sites. In the case of the suncus, about 1000 times higher concentration of isoproterenol was necessary to relax tracheae compared to the guinea pig, but only a 1. In the present study, we did not classify the subtypes of (3-adrenoceptors in suncus trachea. It was originally proposed that (3 adrenoceptors can be subdivided into two classes based on the potencies of adrenergic agonists in different organs (12) . 131-Adreno ceptors mediated lipolysis in adipose tissue and mediated positive chronotropic and iso tropic responses in the heart, whereas 132 adrenoceptors mediated relaxation of smooth muscle in tracheae, blood vessels and uterus. This organ-specific subclassification was challenged by later work using selective (3 adrenoceptor antagonists which showed a mixed 81 and 132-adrenoceptor response in isolated tracheal smooth muscles of the dog (13), guinea pig (14-17) and cat (18) . These studies suggest the presence of 131-adreno ceptors in addition to 132-adrenoceptors in tracheal smooth muscle. Because dihydro alprenolol is a nonselective 8-adrenoceptor antagonist, the present binding data show the sum of (31 and 132-adrenoceptors in suncus trachea. If 131-adrenoceptors in trachea have nothing to do with relaxation, the relative proportion of 131-adrenoceptors may be higher in the suncus.
It has been demonstrated that the mechani cal removal of the epithelial layer increases the sensitivity of the isolated tracheae from several species to certain contractile and relaxant agonists. The epithelial cells may act as a diffusion barrier (7) or secrete a relaxant factor (EpDRF), which modulates tracheal smooth muscle tone (19, 20) . The epithelium plays an important role in the modulation of responsiveness of guinea pig tracheae to relaxants that selectively increase intracellular cyclic AMP levels (21) . The tracheal epitheli um of the suncus might release more inhibi tory factor (s) than that of the other two species.
In conclusion the present results suggest that the relaxations in suncus tracheae are markedly smaller than those in rats and guinea pigs, and that this insufficient relaxation can be attributed to deficient coupling between (3-adrenoceptors and adenylate cyclase in addition to low density of Q-adrenoceptors. The physiological significance of the de ficiency in tracheal 9-adrenoceptor is not clear, but suncus tracheae may be a model of certain tracheal diseases such as asthma. It is also interesting to study the physiological yet unknown factor(s) that regulates the relax ation of suncus tracheae, which may give a new understanding of the relaxation me chanism in tracheal smooth muscle.
